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Abstract[] Insecticide resistance іѕ the development of an ability in a strain of some organisms to tolerate doses of a 
toxicant which would prove lethal to a majority of individuals in a normal population of the same species". 
Mechanisms of resistance[] such as behavioral change] physiological modification or metabolic detoxification[] decrease 
the effective dose available at the target site. Behavioral resistance is defined as any behavior that reduces an insect’ 
в exposure to toxic compounds or that allows an insect to survive in an environment that is harmful and/or fatal to the 
majority of insects. Physiological modification mechanisms permit insects to survive lethal doses of a toxicant through 
decreased penetration of insecticides[] increased sequestration/storage of insecticides[] and accelerated excretion of 
insecticides. Metabolic detoxification is conferred by cytochrome P450 monooxygenases[] cytochrome Р4508 П] 
hydrolases] and glutathione transferased] GSTs[]. Cytochrome P450s constitute the largest gene superfamily and are 
critical for the detoxification and/or activation of xenobiotics and the metabolism of endogenous compounds. Increased 
P450-mediated detoxification has been found in many insect species[] resulting in enhanced insecticide resistance. 
Glutathione transferase$] GSTs[] are soluble dimeric proteins involved in the metabolism[] detoxification] and excretion 
of a large number of endogenous and exogenous compounds. Elevated GST activities have been implicated in 
resistance in many insect species. Hydrolases or esterases[] a group of heterogeneous enzymes[] have been identified as 
the active agents promoting hydrolase-mediated resistance that protect insects by either binding and sequestering 
insecticides through overproduction of proteins[] or enhancing the metabolism of insecticides through increased enzyme 
activities . 
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1 INTRODUCTION 


Resistance has been defined as" the development 
of an ability in a strain of some organisms to tolerate 
doses of a toxicant which would prove lethal to the 
majority of individuals in a normal population of the 
same species"[] WHO[] 1957[]. Resistance is a pre- 
adaptive phenomenon[] so that even before exposure to a 
pesticide[] some individuals already have appropriate 
factors that allow them to survive[] Brown and Pal[] 
1971[]. Resistance is inherited and survivors can pass 
the resistance gend] s[] to their offspring[] WHOL 
19570. 

Following the first case of DDT resistance in 1946 

O Georghiou and Mellon[] 1983[T] insecticide resistance 
has developed at a rapid pace. Insecticide resistance 
has now occurred in all five major classes of pesticides 

П DDT and its analogues[] cyclodienes[] carbamates[] 
organophosphated] and pyrethroids [] [] Georghiou[] 





1986[ [] as well as in some relatively new insecticides[] 
such as  abamectin [] Scott] 1989 [[] Bacillus 
thuringiensid] Tabashnik et al .[] 200000 imidacloprid 
П Liu and Yue[] 2000[] Wei et al .[] 2001[] Pan et al .[] 
20030 spinosad] Moulton et al .[] 20000 and fipronil 
[| Liu апа Yue[] 2000[]. Nearly all the economically 
important insect species have developed resistance to at 
least one insecticide[] Georghiou and Lagunes-Tejeda[] 
1991[] and some species have developed resistance to 
more than one class of insecticidd] Georghiou[] 1980[] 
Leng et al.[] 1996[]. Resistance has resulted in the 
need for increased dosage and frequency of application[] 
increased  cost[] environmental contamination[] and 
disruption of wildlife and biological control agents 
O Scoti[] 1991[]. Resistance has also caused outbreaks of 
human diseases when insect vectors could not be 
controlled] Hemingway and Ranson[] 20000. 
Mechanisms of resistance[] such as behavioral 
change[] physiological ^ modification or metabolic 
detoxification[] have contributed to decreasing the 
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effective dose delivered at the target site[] whereas 
decreased target site sensitivity[] such as altered sodium 
channels[] acetylcholinesterase[] and GABA | receptor 
insensitivityL] have contributed to rendering the dose that 
does arrive ineffective[] Feyereisen[] 1995[] Tang and 
Bil] 1996[] Chris et al. 2004[] Ffrench-Constant et al .[] 
2004[] French-constant et al.[] 2004[] Bues et al .[] 
2005[]. In this review[] we will focus on the mechanisms 
that decrease the effective dose that is available at the 
insects’ target sites. 


2 BEHAVIORAL RESISTANCE 


Behavioral resistance is defined as Ше 
development of behaviors that reduce an insect' s 
exposure to toxic compounds or that allow an insect to 
survive in an environment that is harmful and/or fatal to 
the majority of insects of the same species] Sparks et 
al.[] 1989[]. This can be divided into stimulus- 
dependenf] required sensory stimulation[] and stimulus- 
independent[] does not require sensory stimulation[] 
mechanisms[] Georghiou[] 1972[]. Stimulus-dependent 
behavioral resistance includes both irritability[] in which 
an insect is stimulated to leave the immediate toxic 
environment upon contact with a treated surface[] and 
repellency[] in which an insect is stimulated to leave the 
immediate toxic environment before contact with a 
treated surface. 

Behavioral resistance to insecticides has been 
documented in the horn fly[] Haematobia irritans] L.[] 

П Lockwood et al.[] 1985[[] where the resistant 
population was significantly more repelled and irritated 
by fenvalerate and permethrin than the susceptible 
population. In the subsequent dose-response tests[] it 
was demonstrated that the resistant strain of horn flies 
exhibited a unique behavioral response pattern to four 
pyrethroids and DDT. Ross [] 1992[] identified 
behavioral resistance in the German cockroach against 
pyrethroide[] reporting that а decreased dispersal 
response occurred in the resistant strain compared with 
the susceptible strain. The existence of behavioral 
resistance in the German cockroach has been linked to a 
food component in Ше bait formulation of 
hydramethylnon [] Silverman and Bieman[] 1993 П. 
Initially] in 1983[] a population of a field collected 
German cockroach strain was reduced by over 90% 
using glucose diets containing the insecticide 
hydramethylnon. By 1988[] however[] the survival rate 
had increased to 3996. The removal of glucose from 
their diets resulted in the survival rate of the population 
once again falling. Based on these findings[] it has been 
suggested that the cockroaches had developed an 
aversion to the glucose in the toxicant/diet mixture 

[] Silverman and Bieman[] 1993[]. This is the first report 
of nutrient avoidance as a behavioral resistance 


mechanism. German cockroaches have also evolved 
behavioral resistance to a chlorpyrifos-based commercial 
bai(] Ross[] 1997[T] where the resistance to the bait was 
caused by an aversion to chlorpyrifos] Ross[] 19980. 
Behavioral resistance in mosquitoes has been found to 
reduce the rate of mosquito entry into houses[] increase 
the rate of early exit from houses and induce a change in 
biting timed] Mbogo et al .[] 1996[] Mathenge et al .[] 
20010. 


3 PHYSIOLOGICAL RESISTANCE MECHANISMS 


Mankind has always faced competition from 
insects. With the advent of modern  insecticides[] 
mankind has been able to exert substantial control over 
many insect реѕі{ ] Scott[] 1991[]. Nevertheless] insects 
have developed physiological modification mechanisms 
that decrease  penetration[] increase — sequestration/ 
storage[] and accelerate excretion of insecticides as the 
insects are exposed to them. 

3.1 Decreased penetration/absorption 

Many insecticides must pass through the insect 
cuticle in order to reach the site of action before lethal 
effects can occur. Decreased penetration has been found 
in a number of resistant strains of insects[] such as the 
house fly[] Musca domestica{] L.[[] Plapp and Hoyer[] 
1968[] DeVries and Georghiou[] 1981[] Scott and 
Georghiou[] 1986a[] 1986b[] Wen and Scott 1999[[] 
the beet armyworm[] Spodoptera exigual] Hübnex[[] Liu 
and Shen[] 2003[] and the German cockroach[] Blattella 
germanicd]] 1.. [| Anspaugh et al .[] 1994[] Wu et al .[] 
1998[] Valles et al.[] 20000. The gene causing this 
resistance has been named реп Еагпһат 19730. By 
itself[] pen confers only a 2- to 3- fold resistancé] Plapp 
and Hoyer[] 1968[] Sawicki[] 19700 but it also acts as 
an enhancer for the resistance conferred by other 
mechanisms] Sawicki[] 19700 Georghiou[] 19710 19860 
Oppenoorth[] 19850 Scott 19910. The molecular basis 
for this mechanism is not clear[] although it should be 
noted that although the cuticle is the major barrier] 
virtually any membrane has the potential to serve as a 
penetration barrier and therefore act as a resistance 
mechanism [| Scott] 1991 []. For example[] the 
peritrophic membrane can serve as a barrier preventing 
Bacillus thuringiensis toxin reaching the midgut brush 
border in lepidopterous larvae[] Granados et al .[] 
2001[]. 

3.2 Increased sequestration/storage 

Sequestration/storage as a resistance mechanism 
has been reported in several species of insects. For 
example[] carboxylesterase E4[] the enzyme that 
catalyzes the hydrolysis of organophosphated] OPs[] and 
carbamates in the peach-potato aphid[] Myzus persicae 

П Sulzei I] shows relatively low catalytic activity towards 
insecticides by enzyme kinetic analysis. However[] it is 
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produced in very large quantities[] accounting for 
approximately 3% of the total protein in highly resistant 
aphids. Therefore[] it has been suggested that the 
resistance effect caused by ЕА is not mediated by 
hydrolysis[] but by storage/sequestration of a substantial 
proportion of a toxic dose of insecticides[] Devonshire 
and Moores 1982 []. ^ Another example is 
carboxylesterase A2 from Culex quinquefasciatu{| Say 
where the major role of carboxylesterase A2 is to 
sequestrate the organophosphate insecticidd] Ketterman 
et al.[] 1992[]. Similarly[] esterase B2 from Culex 
quinquefasciatus_] Say[] also has a sequestration role in 
insecticide resistance[] Karunaratne et al.[] 1993[]. 
Storage as a mechanism of resistance has also been 
reported in Culex pipiens [] L.[[] in which an 
overproduction of esterases ВІ was found to confer 
resistance to organophosphates through sequestration 
rather than metabolism [] Cuany et al.[] 1993[]. 
Resistance caused by esterase sequestration of 
insecticide molecules also occurs in the rice stem borer[] 
Chilo suppressalis[] Walker] Konno and Shishido[] 
1989[T] rice brown planthoppers[] Nilaparvata lugens 
O Stál[][] Chen and Sun[] 1994[T] cotton bollworm[] 
Helicoverpa armigera|] Hübner[][] Gunning et al.[] 
1996 [[] Colorado potato beetle] Leptinotarsa 
decemlineata|]] SayL[] Lee and Clark[] 19960 1998] 
German  cockroach[] Blattella germanica [| L.O 
П Prabhakaran and Kamble[] 1995[] Scharf et al .[] 
1997[[] mosquito[] Culex tritaeniorhynchus [] Giles 0 
П Karunaratne and Hemingway[] 2000[[] and Australian 
sheep blowfly[] Lucilia cuprind] Wiedemann[I] Chen et 
al.[] 20010. In addition to esterase[] glutathione S- 
transferase also offers protection against pyrethroid 
insecticides by binding to their molecules in a 
sequestering mannet] Kostaropoulos et al .[] 20010. 
3.3 Accelerated excretion 

Accelerated excretion is another mechanism that is 
often involved in insecticide resistance. A wide variety 
of insect species have developed resistance to 
insecticides through this mechanism. For instance[] in 
diazinon resistant thrips[] Frankliniella | occidentalis 
П Pergande[ [] the diazinon excretion was faster than in a 
susceptible strain[] Zhao et al.[] 1994[]. It has also 
been found that the resistance mechanism of Colorado 
potato beetles to azinphosmethyl may be potentiated by 
the generally rapid excretion of — aziophosmethyl 
П Argentine et al .[] 1995[]. Compared with those from a 
susceptible strain[] levels of excretion of cypermethrin 
were higher in larvae of field collecting tobacco 
budworms[] Ottea et а/. 1995[]. An increased 
excretion rate was also observed in the carbaryl-resistant 
populations of Western corn rootworm Diabrotica 


virgifera virgiferd] LeConte[]] Scharf et al .[] 19990. 
4 METABOLIC DETOXIFICATION 


Increased metabolic detoxification is one of the 


most common mechanisms of insecticide resistance 
[| Hemingway and Karunaratne[] 1998[] Hemingway[] 
2000[] Hemingway et al.[] 2004[]. Insects possess 
enzymes that protect them from xenobiotics[] so it is not 
surprising that metabolic detoxification might be the 
most common mechanism of resistance to insecticides 
П Seott[] 1991[] Natsuhara et al .[] 20040. Overall[] the 
metabolism of xenobiotics is a single or multi-step 
process in which lipophilic compounds are converted 
into more water-soluble metabolites] which can be 
readily excreted by a water-based excretory system. 
Oxidases[] hydrolases[] and glutathione-S-transferase are 
three major types of enzymes that are involved in the 
metabolic detoxification process. 

4.1 Cytochrome P450-mediated detoxification 

Although two primary types of  oxidases[] 
cytochrome P450 microsomal monoxoxygenases and 
flavin monooxygases[] are commonly recognized[] in 
insects only the former have so far been identified 
O Scoti[] 1991[]. Insect cytochrome P450 monooxgenases 
are known to be involved in the detoxification of both 
insecticides and plant toxins[] Scott et al.[] 19980 
Feyereisen[] 1999[]. Insect cytochrome P450s are also 
involved in the biosynthesis and metabolism of insect 
hormones such as juvenile hormones and ecdysteroids[] 
which аге very important for insect  growth[] 
development[] and reproduction[] Feyereisen[] 1999[] 
Scott and Wen[] 2001[]. They also play an important 
role in the adaptation of insects to their host plants. The 
role of monooxygenases in insecticide resistance first 
became apparent in the early 1960s when it was 
reported that the resistance of house flies to carbaryl 
could be eliminated by the P450 inhibitor sesamex 
П Eldefrawi et al.[] 1960[]. Since then[] the evidence 
supporting monooxygenase mediated resistance has 
accumulated rapidly. Cytochrome P450 monooxygenase 
mediated detoxification is a very important resistance 
mechanism because it not only confers high levels of 
resistancd] Scott and Georghiou[] 1986a[] Yang et al .[] 
2004[[] but also provides cross resistance to unrelated 
compounds due to the wide variety of substrates that the 
P450 monooxygenases can metabolizd] Scoti[] 1991[]. 
Cytochrome P450s are one of the largest super 

gene families. To date[] more than 500 P450 genes have 
been identified and named from various insect$] http[]/ 
drnelson. utmem. edu/P450. stats. all. htm[]. Some of 
these P450s that have been identified are found in 
insecticide resistant strains[] and their association with 
resistance has been investigated. The first insect P450 
gene to be cloned[] CYP6A1[] came from a diazinon 
resistant house fly strain[] Rutgerd] Feyereisen et al .[] 
1989[]. CYP6A1 was expressed at about 10-fold higher 
levels in Rutgers than in susceptible strains[] and this 
elevated CYP6A1 expression was proven to be not due 


to gene amplification] Carino et al .[] 1994[]. CYP6A1 
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was mapped to ашоѕоте 5[] and the factors responsible 
for the increased expression level were linked to 
autosome 2] Feyereisen et al .[] 19950. This indicated 
that the expression of CYP6A1 was regulated by trans- 
factors. CYP6D1[ another P450 gene isolated from a 
house fly resistant strain[] in this case Learn Pyrethroid 
Resistan(] LPR[[] Wheelock and Scott[] 1989[T] was 
expressed at about a 10-fold higher level in LPR than in 
the susceptible strain] Tomita and Ѕсон 1995[]. It has 
been shown that the increased expression of CYP6D1 in 
the LPR strain is due to an increased rate of 
transcription] Liu and Scott[] 1998[[] which is regulated 
by factors on autosomes 1 and 2[] Liu and Scott[] 
19960. CYP6G1 from Drosophila melanogaster was 
identified by the presence of a transposable element at 
the 5’ end of the gend] Daborn et al .[] 2002[]. This 
gene was overexpressed in 28 strains of DDT-resistant 
Drosophila melanogaster collected throughout the world 

П Dabom et al .[] 2004[]. Transgenic analysis indicated 
that overtranscription of CYP6G1 alone was necessary 
and sufficient for DDT resistance to develop] Daborn et 
al .[] 20021. 

The overexpression of P450 genes in resistant 
insect strains is a common phenomenon. CYP6A2 was 
expressed 20- to 30-fold higher in a malathion-resistant 
strairL] 91-R[] of the fruit fly[] Drosophila melanogaster [] 
than a susceptible strain[] Waters et al.[] 1992[]. 
CYP4 G8[] a P450 gene in Australian cotton bollworm[] 
Helicoverpa armigera [| Hubner[[] showed a 2-fold 
higher level in a pyrethroid resistant strain. compared 
with a susceptible strain[] Pittendrigh et al .[] 19970. 
CYP6F1 from the southern house mosquito[] Culex 
quinquefasciatus ] Say[]]] was expressed at a level 3-fold 
higher in a permethrinresistant strain than in the 
susceptible strain[] Kasai et al.[] 20000. In malaria 
mosquitos[] Anopheles gambiae[] ап adult-specific P450 
gene[] CYP6Z1[] was expressed approximatelyll- and 
4.5-fold higher in males and females[] respectively[] 
from a  pyrethroid-resistant strain compared with 
individuals from a susceptible strain[] Nikou et al.[] 
2003[]. The expression of CYP4G19 in the pyrethroid- 
resistant strain of the German cockroach was about 1.7- 
fold higher in the nymphs and approximately 5-fold 
higher in the adults compared with a susceptible strain 

П Pridgeon et al .[] 20031. 

Nevertheless[] overexpression of P450s in resistant 
strains may not be the sole determinant of their 
importance in resistance. It has been suggested that for 
a P450 to be involved in resistance[] it must meet the 
following two criteria[] 1[] it must be shown to 
metabolize/sequester the compound to which the strain 
has monooxygenase-mediated resistance[] and 2[] its 
enzymes in the resistant strain must either express more 
or have a greater catalytic activity compared with those 
in a susceptible strain] Scott et al .[] 1998[]. 


4.2  Hydrolase-mediated detoxification 

Hydrolases or esterases represent many of the 
enzymes present in most organisms[] including 
carboxylesterases and — phosphorotriester hydrolases 

O Scott 1991 0. Hydrolases are involved in the 
metabolism of OPs[] carbamates[] pyrethroids[] and 
juvenile hormoned] Oppenoorth[] 1985[] Scott[] 1999[]. 
Although organophosphate [] OP[]] carbamate[] and 
pyrethroid insecticides are all substrates of hydrolases[] 
hydrolase- mediated insecticide resistance has mainly 
been found for OPs and carbamates[] Hemingway et 
al.[] 2004[]. The mechanisms of hydrolase-mediated 
insecticide resistance can usually be divided into two 
groups[] elevated апі  non-elevated — esterase-base 
mechanisms. Gene amplification of elevated esterases[] 
resulting in the production of abundant proteins in 
resistant insects[] has been identified as the primary 
mechanism of X hydrolase-mediated resistance 
П Hemingway and Karunaratne[] 19980 Small and 
Hemingway[] 2000[[] protecting insects by binding and 
sequestering insecticides. ^ However[]  non-elevated 
esterase-mediated resistance has also been identified in 
some insects and attributed to the enhanced metabolism 
of insecticides due to increased activities of the 
esterases[] Ziegler et al.[] 1987[] Whyard et al.[] 
1995[] Guo and Gao[] 2005[]. 

The correlation between non-elevated esterase-base 
mechanism and OP resistance was initially identified in 
OP-resistant house flied] van Asperen and Oppenoorth[] 
1959[]. Subsequently] this correlation was elucidated as 
the" mutant ali-esterase hypothesis "[] where the 
resistant mutants were thought to gain the ability to 
hydrolyze OP substrates through a mutation in the major 
ali-esterase[] carboxylesterase[[] while their ability to 
hydrolyze carboxylesterase substrates was reduced. This 
hypothesis proved to be accurate for the sheep blowfly 
Lucilia cuprinal] Newcomb et al .[] 1997a[[] where a 
single amino acid substitution] glycine 137 to aspartic 
acid[] of the ali-esterase ЕЗ encoded by LcaE7 gene lies 
within the active site of the enzyme and is responsible 
for both the loss of carboxylesterase activity and the 
acquisition of a novel OP hydrolase activit[] Newcomb 
et al .[] 1997b[]. The same amino acid replacement has 
been documented in the  OP-resistant house fly 
Momusca domestica П Claudianos et al.[] 19990. 
Another point mutatior[] tryptophan 251 to leucine[] in 
the ali-esterase E3 has also been reported to be 
associated with malathion resistance in the sheep blowfly 

[] Campbell et al .[] 1998[]. Lower esterase activity was 
also demonstrated in the OP-resistant — blowfly[] 
Chrysomya putoria [| Wiedemann[][] Townsend and 
Busvine[] 1969[] and the parasitoid Habrobracon hebetor 

O Sayl] Perez-Mendoza et al .[] 20000. 

In an elevated esterase-based mechanism[] the 
overproduced esterase raised by gene amplification 
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П Hemingway[] 2000[] quickly sequesters the OP 
insecticide with low hydrolysis activity] Claudianos et 
al.[] 1999[]. For instance[] carboxylesterase ЕА was 
showed to overproduce in very large quantities[] about 
396 of the total protein[] in the highly OP-resistant 
peach-potato aphid] Myzus persicae[] Sulzer[[] and 
acting like а sponge to sequester insecticides 

[] Devonshire et al .[] 1998[] and accompanied by low FA 
catalytic activity. This suggests that the resistance 
created by EA is not conferred by hydrolysis[] but rather 
by sequestratiorl] Devonshire and Moores[] 1982[]. The 
same mechanism has also been found in the mosquito 
Culex pipiens and quinquefasciatus[] Raymond et al .[] 
1998[] Ferrari and Georghiou[] 19900 Small et al.[] 
1998[[] the greenbug Shizaphis graminum[] Gao and 
Zhu[] 2000[T] the tobacco budworm Heliothis virescens 

П Goh et al.[] 1995[[] and the brown planthopper 
Nilaparvata lugens$] Vontas et al .[] 20000. 


4.3 Glutathione S-transferase-mediated 
detoxification 
Glutathione S-transferases П GSTs[] are а 


ubiquitous class of enzymes with a broad range of 
substrate specificities[] which allows them to play a 
significant role in detoxification of a wide range of 
xenobiotics[] including insecticided] Salinas and Wong[] 
1999[]. GSTs are normally involved in the conjugation 
of xenobiotics with endogenous substrates[] such as 
glutathione. In insects[] studies of GSTs have focused 
on their role in detoxifying foreign compounds[] 
especially insecticides and plant toxins[] Fournier et 
al.[] 1992[] Ranson et al.[] 20010. To date[] 6 
different classes of GSTs[] Delta[] Sigma[] Epsilon[] 
Omega[] Theta[] and Zeta[] have been identified in 
insect] Enayati et al .[] 2005[]. 

Elevated levels of GST activities have been 
associated with insecticide resistance to all the major 
classes of insecticided] Enayati et al .[] 2005[] Sonoda 
and Tsumuki[] 20050. In the cases that have been 
extensively studied[] resistance or elevated levels of GST 
activities have been attributed to the overproduction of 
GST enzymes[] which may result from either gene 
amplification or increases in transcriptional ratd] Grant 
and Hammock[] 1992[] Ranson et al.[] 2001 []. 
Increased rates of DDT-dehydrochlorination catalyzed by 
GSTs confer resistance to DDT in many insect species[] 
including mosquitoes Aedes aegypti] Grant et al.[] 
1991[T] Anopheles gambiae|] Prapanthadara et al.[] 
1993[] and Anopheles dirus[] Prapanthadara et al.[] 
1996[[]. A cluster of eight GSTs genes have been 
identified in the Epsilon class from Anopheles gambiae 

П Ortelli et al . [] 2003[] Enayati et al .[] 2005[]. Some of 
these are overexpressed in a DDT-resistant Anopheles 
gambiae strain and one[] GSTe2-2[] encodes an enzyme 
that has the highest levels of DDT dehydrochlorinase 
activity ever observed and is able to metabolize DDT 


П Ortelli ez al.[] 20030. It has been found that the 
overexpression of the Epsilon class of GSTs in resistant 
A. gambiae is regulated by both cis- and trans-acting 
factor] Ranson et al .[] 20000. 

GSTs аге responsible for many cases of 
organophosphate resistance] Hayes and Wolff] 1988[]. 
Four different GST genes[] MdGST-1[] -2[] -3L] and -4[] 
were isolated and sequenced from a house fly Cornell-R 
strain[] which was resistant to OP and carbamate 
insecticides. Among these four GST isozymes[] MdGST- 
3 was thought more likely to be responsible for OP 
resistance in the Cornell-R. strain[] Syvanen et а. 
1996[] through gene amplification and the divergence of 
sequences among the amplified copied] Syvanen et al .[] 
1994[] Zhou and Syvanen[] 1997[]. Another GST 
isozyme[] MdGST-6A[] was purified from a house fly 
strain[] Cornell- HR[] which was highly resistant to OP 
insecticides. The high insecticide-conjugation activity of 
MdGST-6A suggests that it plays a significant role in OP 
resistance in Cornell-HR[] Wei et al.[] 20010. Four 
GST isozymes[] GST-1[] GST-2[] GST-3[] GST-4 were 
characterized in the diamondback moth Plutella 
xylostella.] Chiang and Sun[] 19930 Ku et al .[] 19940. 
Recombinant GST enzymes from the diamondback moth 
catalyze the conjugation of glutathione to OP 
insecticides[] verifying their role in the detoxification of 
organophosphate insecticides[] Huang et al.[] 1998[] 
Wei et al .[] 2001[]. 

The correlation of high levels of GST activities with 
high levels of resistance to pyrethroid has been 
identified in Aedes aegyptil] Grant and Matsumura[] 
1989[[] Tribolium castaneum|] Reidy et al .[] 1990[T] 
and Spodoptera littoralis[] Lagadic et al.[] 1993[]. 
Although GSTs have not yet been proved to be 
responsible for the direct metabolism of pyrethroid 
insecticides[] Enayati et al.[] 20050) their role in 
pyrethroid resistance through detoxifying lipid 
peroxidation products induced by pyrethroids has been 
recognized] Vontas et al .[] 20010. 


5 CONCLUSIONS 


Efforts to control insect pests that аге 
agriculturally[] economically[] and medically important 
often focus on the use of insecticides. However[] insects 
have successfully adapted to most insecticides by 
becoming physiologically or behaviorally resistant to 
them. А better understanding of insecticide resistance 
mechanisms[] therefore[] will enable us not only to 
develop a successful program for overcoming resistance[] 
but also to design novel strategies to prevent[] or 
minimize the spread and evolution of resistance. 
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